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(57) ABSTRACT

An electro-mechanical drive umit connectable with multiple
power sources for launching and propelling a vehicle includes
an output member, a stationary member, a gear-train, and a
torque-transmitting device. The drive umt also includes a
compound planetary gear arrangement having a first, second,
third, and fourth junction points. The power sources include a
first motor/generator and a second motor/generator. The sec-
ond motor/generator 1s operatively connected to the com-
pound planetary gear arrangement at the first junction point
via the gear-train and the output member 1s operatively con-
nected to the compound planetary gear arrangement at the
second junction point. Additionally, the first motor/generator
1s operatively connected to the compound planetary gear
arrangement at the fourth junction point. Furthermore, the
torque-transmitting device 1s engageable to ground the third
junction point to the stationary member.

20 Claims, 4 Drawing Sheets
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WIDE-NODE DRIVE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Patent Application No. 61/5355,784 filed on Nov. 4, 2011,
which 1s hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The disclosure relates to a wide-node drive unit for a
vehicle.

BACKGROUND

To produce a more ellicient vehicle, hybrid vehicle pow-
ertrains combine an electric motor and a conventional internal
combustion engine. Torque from the engine and the electric
motor 1s typically channeled to the vehicle’s driven wheels
via a transmission. Efficiency of a hybrid vehicle powertrain
1s generally related to the percentage of time that the engine
must be run 1n addition to or 1n place of the electric motor for
powering the vehicle.

Some hybrid powertrains employ a single electric motor 1in
combination with the engine. In such powertrains, transmis-
s1on output, as well as vehicle speed, 1s directly related to the
speeds and torques of the engine and the electric motor. Other
hybrid powertrains employ two electric motors 1n combina-
tion with the engine to power the vehicle. Additionally, a
vehicle may employ purely electric propulsion. In such a
case, the vehicle’s powertrain will have one or more motor-
generators and no 1ternal combustion engine.

In either a hybrid or purely electric powertrain, the electric
motors are operatively connected to a transmission which
includes planetary gearing such that torque and speed of the
clectric motors may be selected independently of vehicle
speed and desired acceleration. In a hybrid powertrain, con-
trol of the engine 1s typically achieved by varying individual
torque contribution from the electric motor(s). Thus, such
hybrid and purely electric powertrains may each provide
selectable torque contribution from their electric motors, and,
in the case of the hybrid powertrain, may similarly provide a
selectable torque contribution from the engine to drive the
subject vehicle.

SUMMARY

An electro-mechanical drive unit connectable with mul-
tiple power sources for launching and propelling a vehicle
includes an output member, a stationary member, a gear-train,
and a torque-transmitting device. The drive unit also includes
a compound planetary gear arrangement having first, second,
third, and fourth junction points. The power sources include a
first motor/generator and a second motor/generator. The sec-
ond motor/generator 1s operatively connected to the com-
pound planetary gear arrangement at the first junction point
via the gear-train, while the output member 1s operatively
connected to the compound planetary gear arrangement at the
second junction point. Additionally, the first motor/generator
1s operatively connected to the compound planetary gear
arrangement at the fourth junction point. Furthermore, the
torque-transmitting device 1s engageable to ground the third
junction point to the stationary member.

The compound planetary gear arrangement may include a
first planetary gear set interconnected with a second planetary
gear set. In such a case, each respective first and second
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2

planetary gear set may include a first, a second, and a third
member, and wherein two members of the first planetary gear
set may be operatively connected to two members of the
second planetary gear set.

The first junction point may be defined by the first member
of the first planetary gear set. The second junction point may
be defined by the second member of the first planetary gear set
interconnected with the first member of the second planetary
gear set. The third junction point may be defined by the third
member of the first planetary gear set interconnected with the
second member of the second planetary gear set. Further-
more, the fourth junction point may be defined by the third
member of the second planetary gear set.

In an alternative embodiment, the first junction point may
be defined by the first member of the first planetary gear set
interconnected with the first member of the second planetary
gear set. The second junction point may be defined by the
second member of the first planetary gear set. The third junc-
tion point may be defined by the third member of the first
planetary gear set interconnected with the second member of
the second planetary gear set. Finally, the fourth junction
point may be defined by the third member of the second
planetary gear set.

The first, second, third, and fourth junction points may
provide at least a 3 to 1 gear ratio spread between the torque-
transmitting device and the output member. The highest
numerical gear ratio 1n the drive unit may be approximately 4
to 1 and the lowest numerical gear ratio may be approxi-
mately 0.7 to 1.

The first motor/generator may be disposed on a first rotat-
ing axis and the second motor/generator may be disposed on
a second rotating axis, wherein the first axis may be substan-
tially parallel to the second axis.

The power sources may additionally include an internal
combustion engine. In such a case, the engine may be dis-
posed on the first rotating axis and be operatively connected
to the compound planetary gear arrangement at the third
junction point.

The torque-transmitting device may be selectively engaged
and disengaged via an electrically actuated device. Addition-
ally, the torque-transmitting device may be one of a band, a
roller-ramp, a dog clutch, and a sprag type of a brake. Accord-
ingly, 1 the stationary member 1s a housing of the electro-
mechanical drive unit, the torque-transmitting device may be
used to brake the third junction point relative to the housing.

The second motor/generator may be configured to generate
greater torque and be physically larger than the first motor/
generator. Additionally, the first motor/generator and the sec-
ond motor/generator may employ non-rare earth magnets.

The drive unit may additionally include a first hydraulic
pump and a second hydraulic pump. In such a case, the first
pump may be operatively connected to the third junction
point and the second pump may be operatively connected to
the output member.

Such a drive unit 1n conjunction with the engine, the first
motor/generator, and the second motor/generator may be part
of a hybrid powertrain having the EV'T that 1s configured to
provide a single-mode wide-node gear ratio spread configu-
ration to launch and propel the vehicle.

The above features and advantages, and other features and
advantages of the present disclosure, will be readily apparent
from the following detailed description of the embodiment(s)
and best mode(s) for carrying out the described invention
when taken 1n connection with the accompanying drawings
and appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic stick diagram illustration of a wide-
node compound-split electrically variable transmission
(EVT) employed as part of a hybrid powertrain for a vehicle.

FIG. 2 1s a schematic lever diagram illustration of the
wide-node EVT presented 1n stick diagram form in FIG. 1.

FIG. 3 1s another embodiment of the schematic lever dia-
gram 1illustration of the wide-node EV'T presented 1n stick
diagram form 1n FIG. 1.

FIG. 4 1s a schematic stick diagram 1illustration of another
embodiment of a wide-node EVT employed as part of a
hybrid powertrain for a vehicle.

FIG. 5 1s a schematic lever diagram illustration of the
wide-node EVT presented 1n stick diagram form in FIG. 4.

FI1G. 6 1s a graph 1llustrating a comparison of vehicle dis-
tance traveled per engine revolution for the wide-node EV'Ts

shown 1n FIGS. 1-5.

DETAILED DESCRIPTION

Referring to the drawings, wherein like reference numbers
refer to like components, FIG. 1 illustrates a hybrid power-
train 10 configured to launch and propel a vehicle, 1.e., to
operate the vehicle 1n all speed ranges between low and high
road speeds. The hybrid powertrain 10 includes multiple
power sources, which include an internal combustion engine
12, a first electric motor/generator 14, and a second electric
motor/generator 16, all connected to an electro-mechanical
drive unit that 1s depicted as an “electrically variable trans-
mission” (EVT) 18.

The powertrain 10 additionally has an energy storage sys-
tem that includes one or more batteries that are not specifi-
cally shown, but known by those skilled 1n the art. The energy
storage system 1s operatively connected to the first and second
motor/generators 14, 16 such that the motor/generators may
transier torque to or receive torque irom the engine 12.
Although not shown, the powertrain 10 also includes a con-
troller or an electronic control unit (ECU). The controller 1s
operatively connected to the power sources and to the energy
storage system to control the distribution of torque from the
power sources to the EVT 18.

As 1s known by those skilled in the art, an “electrically
variable transmission” constitutes a transmission planetary
gear train operatively connected to each of the engine 12, the
first motor/generator 14, and the second motor/generator 16.
Channeling respective torques of the engine 12 and the two
motor/generators 14 and 16 to different members of the plan-
ctary gear train permits one of the power sources to either
assist or balance the operation of any of the other two. Thus,
the combination of one engine 12 and two motor/generators
14 and 16 operatively connected to the EVT 18 allows speeds
and torques of the engine and motor/generators to be con-
trolled and selected independently in order to power a subject
vehicle more efficiently.

Although the hybrid powertrain 10 as shown includes the
engine 12, the EVT 18 may also be connectable solely to the
first and second electric motor/generators 14, 16. In such a
case, the powertrain 10 would no longer be a hybnd type, but
would become purely electric, and the EVT 18 may then be
broadly described as an electro-mechanical drive unit. For
simplicity and clarity, the remainder of the present descrip-
tion will refer to the electro-mechanical drive unit as EVT 18
being connected to the engine 12, as well as to the motor/
generators 14, 16. Additionally, the connections of the hybrid
powertrain 10, to be described 1n greater detail below, may
permit an overall decrease 1n torque requirement from the
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4

combination of the first and the second motor/generators 14
and 16 while affording acceptable vehicle performance, as
compared with other systems.

The EV'T 18 includes two planetary gear sets represented in
lever diagram form 1n FIG. 2. A lever diagram 1s a schematic
representation of the components of a mechanical device such
as an automatic transmission. Each individual lever may rep-
resent an individual planetary gear set, a compound planetary
gear arrangement having two or more interconnected plan-
ctary gear sets, or an external gear set. In the planetary gear set
lever, the three basic mechanical components of the subject
gear set, 1.¢., the sun gear, planet gear carrier, and ring gear
members, are each represented by a junction point on the
particular lever. Therelfore, a typical single planetary gear set
lever contains three junction points: one for the sun gear
member, one for the planet gear carrier member, and one for
the ring gear member. The relative length between the junc-
tion points of each planetary gear set lever can be used to
represent the ring-to-sun gear ratio of each respective gear set.
These lever ratios, 1n turn, are used to vary the gear ratios of
the transmission 1n order to achieve appropriate ratios and
ratio progression. Mechanical couplings or interconnections
between the junction points of the various planetary gear sets
are 1llustrated by thin, horizontal lines and torque transmitting
devices such as clutches and brakes are presented as inter-
leaved fingers. If the device 1s a brake, one set of the fingers 1s
grounded. Further explanation of the format, purpose and use
of lever diagrams can be found in SAE Paper 810102,
authored by Benford, Howard and Leising, Maurice, “The
Lever Analogy: A New Tool in Transmission Analysis”
(1981), which 1s hereby fully incorporated by reference.

As may be seen 1n FIGS. 1 and 2, the EVT 18 1ncludes a
compound-split planetary gear arrangement 20. In general, as
known by those skilled 1in the art, a four-junction point lever,
as shown 1n FIG. 2, 1s established by providing two separate
fixed connections, 1.e., pairings, between a member of one
planetary gear set and a member of another planetary gear set.
Such fixed connections may, for example, be provided
between a planet carrier of one gear set and a ring gear of
another gear set, or between a planet carrier of one gear set
and a sun gear of another. When a single such fixed connec-
tion 1s employed, the subject connection serves to reduce the
maximum number of separately rotating inertias (about a
common central axis) from six to four, and the total degrees of
freedom from four to two. Thus constrained, the compound-
split planetary gear arrangement 20 provides, in order of
rotational speed, first, second, third, and fourth junction
points. However, as understood by those skilled 1n the art,
various compound planetary gear arrangements may be con-
structed to provide a four-junction point lever that waill
accomplish such a result, and place them within the scope of
the lever diagram of FIG. 2.

As shown i FIG. 1, the compound-split planetary gear
arrangement 20 includes a first planetary gear set 22 inter-
connected with a second planetary gear set 24 and includes
two members of the first planetary gear set being operatively
connected to two members of the second planetary gear set.
As may be seen 1n FIG. 2, a lever 26 representing the com-
pound-split planetary gear arrangement 20 includes a first,
second, third, and fourth junction points 26-1,26-2, 26-3, and
26-4, respectively. The first junction point 26-1 represents or
1s defined by the first member of the first planetary gear set 22,
the second junction point 26-2 1s defined by the second mem-
ber of the first planetary gear set interconnected with the first
member ol the second planetary gear set 24, the third junction
point 26-3 1s defined by the third member of the first planetary
gear set interconnected with the second member of the second
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planetary gear set, and the fourth junction point 26-4 1s
defined by the third member of the second planetary gear set.

As additionally shown 1 FIG. 1, the first gear set 22
includes a ring gear member 28, a carrier member 30, and a
sun gear member 32. Furthermore, the second gear set 24
includes a ring gear member 34, a carrier member 36, and a
sun gear member 38. As shown 1n FIG. 2, and consistent with
the above structure of the first and second gear sets 22, 24, the
first junction point 26-1 may represent the ring gear member
28 of the first gear set 22. Additionally, the second junction
point 26-2 may represent the carrier member 30 of the first
gear set 22 interconnected with the ring gear member 34 of
the second gear set 24. The third junction point 26-3 may
represent the sun gear member 32 of the first gear set 22
interconnected with the carrier member 36 of the second gear
set 24. Finally, the fourth junction point 26-4 may represent
the sun gear member 38 of the second gear set 24. Accord-
ingly, the first planetary gear set 22 and the second planetary
gear set 24 are connected such that the resultant structure
produces a four-junction point lever that includes the junction
points 26-1, 26-2, 26-3, and 26-4, although the individual
gear set members do not necessarily have to be connected 1n
the order presented above.

Asshownin FIG. 3, thelever 26 may also be represented by
two 1ndividual levers 39-1 and 40-1 that may correspond to
the first planetary gear set 22 and the second planetary gear set
24, respectively. Accordingly, in FIG. 3 the junction points
26-2 and 26-3 are represented by fixed interconnections, such
that the resultant structure effectively generates a four-junc-
tion point lever, similar to that shown 1n FIG. 2. As such, the
powertrain 10 shown 1n FIG. 1 1s a specific embodiment of a
powertrain 10 represented by the lever diagrams shown in
FIGS. 2 and 3. Accordingly, the EV'T 18 as shown in FIG. 1 1s
represented by a schematic stick diagram and depicts a spe-
cific compound-split planetary gear arrangement 20 that cor-
responds to and 1s reflected by the lever diagrams of FIGS. 2
and 3. Although a specific powertrain 10 1s represented 1n
FIG. 1,1t will be understood that the particular embodiment 1s
simply exemplary 1n nature, and other powertrain arrange-
ments within the scope of the lever diagrams of FIGS. 2 and
3 are also contemplated.

As may be seen 1n FIG. 1, the engine 12 and the first
motor/generator 14 are disposed on a common first rotating
axis 41 and the second motor/generator 1s disposed on a
second rotating axis 42, wherein the first axis 1s substantially
parallel to the second axis. The EV'T 18 additionally includes
a gear-train 44. The gear-train 44 1s configured to operatively
connect the second motor/generator 16 to the compound-split
planetary gear arrangement 20 at the first junction point 26-1.
The gear-train 44 may be configured as either a single-stage
or a two-stage parallel shait gear set.

With continued reference to FIG. 1, the engine 12, the first
motor/generator 14, and the second motor/generator 16 are
operatively connected to the EVT 18 via an mput member
arrangement, which transmits torque from the power sources
to the compound-split planetary gear arrangement 20. The
input member arrangement includes an output shait of the
engine 12, which serves as an input member 46; a rotor of the
first motor/generator 14, which serves as an input member 48;
and a rotor of the second motor/generator 16, which serves as
an 1nput member 50. The input member 46 1s configured to
provide engine torque to the EVT 18. The input member 48
and mput member 50 are each configured to provide torque
from the first motor/generator 14 and the second motor/gen-
erator 16, respectively, to the EVT 18. As may be seen 1n
FIGS. 2-3, the input member 46 1s continuously connected to
the third junction point 26-3, the input member 48 1s continu-

10

15

20

25

30

35

40

45

50

55

60

65

6

ously connected to the fourth junction point 26-4, and the
input member 50 1s continuously connected to the junction
point 26-1. The EVT 18 also includes an output member 52.
The output member 52 1s continuously connected to the sec-
ond junction point 26-2 and is configured to provide output
torque from the compound-split planetary gear arrangement
20 for launching and propelling the vehicle. As shown in FIG.
1, the output member 52 may be configured as a chain drive
member that connects the carrier member 30 to a differential
unit 53. The output member 52 may also be configured as a
gear drive.

As may be seen 1n FIGS. 1-3, the EVT 18 also includes a
stationary member such as a transmission case or housing 54.
The third junction point 26-3 1s selectively connectable with
the housing 34 via an engageable torque-transmitting device
56, to thereby ground the junction point 26-3. The torque-
transmitting device 56 may be selectively engaged and dis-
engaged via an electrically actuated device, such as a sole-
noid. Additionally, the torque-transmitting device 56 may be
configured either as a band, a roller-ramp one-way-clutching,
a dog clutch, or a sprag type of a brake. Accordingly, the
torque-transmitting device 56 may be used to brake the third
junction point 26-3 relative to the housing 34. The electrically
actuated torque-transmitting device 56 permits reduced eifi-
ciency losses 1 the hybrid powertrain 10, as well as 1 a
purely electric powertrain application, 1.e., sans the engine
12. Additionally, the electrically actuated torque-transmitting
device 56 enables increased drive torque capability for the
purely electric powertrain application.

A hybnd powertrain 110 1s depicted in FIG. 4. The hybnd
powertrain 110 1s similar to the hybrid powertrain 10 shown
in FIG. 1 in that the hybrid powertrain 110 may also be
represented by the lever 26 shown 1n FIG. 2, and 1s therefore
another embodiment of the subject wide-node EVT. The
hybrid powertrain 110 includes an EVT 118 with a com-
pound-split planetary gear arrangement 120. As shown in
FIG. 4, the compound-split planetary gear arrangement 120
includes a first planetary gear set 122 iterconnected with a
second planetary gear set 124 and includes two members of
the first planetary gear set being operatively connected to two
members of the second planetary gear set. As may be seen 1n
FIG. S5, a lever 126 may also represent the compound-split
planetary gear arrangement 120. The lever 126 includes a
first, second, third, and fourth junction points 126-1, 126-2,
126-3, and 126-4, respectively. The first junction point 126-1
represents or 1s defined by the first member of the first plan-
ctary gear set 122 interconnected with the first member of the
second planetary gear set 124, the second junction point
126-2 1s defined by the second member of the first planetary
gear set, the third junction point 126-3 1s defined by the third
member of the first planetary gear set interconnected with the
second member of the second planetary gear set, and the
tourth junction point 126-4 1s defined by the third member of
the second planetary gear set.

As additionally shown i FIG. 4, the first gear set 122
includes a ring gear member 128, a carrier member 130, and
a sun gear member 132. Furthermore, the second gear set 124
includes a ring gear member 134, a carrier member 136, and
a sun gear member 138. As shown 1n FIG. 5, and consistent
with the above structure of the first and second gear sets 122,
124, the first junction point 126-1 may represent the ring gear
member 128 of the first gear set 122 interconnected with the
ring gear member 134 of the second planetary gear set 124.
Additionally, the second junction point 126-2 may represent
the carrier member 130 of the first gear set 122. The third
junction point 126-3 may represent the sun gear member 132
of the first gear set 122 interconnected with the carrier mem-
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ber 136 of the second gear set 124. Finally, the fourth junction
point 126-4 may represent the sun gear member 138 of the
second gear set 124. Accordingly, the first planetary gear set
122 and the second planetary gear set 124 are connected such
that the resultant structure produces a four-junction point
lever that includes the junction points 126-1, 126-2, 126-3,
and 126-4, although the individual gear set members do not
necessarily have to be connected 1n the order presented above.
As shown 1n FIG. 5, the lever 126 may be represented by two
individual levers 139-1 and 140-1 that may correspond to the
first planetary gear set 122 and the second planetary gear set
124, respectively. Furthermore, the lever 126 may also be
represented by the lever 26 depicted 1n FIG. 2.

A particular benefit of the described arrangement of the
first, second, third, and fourth junction points 26-1, 26-2,
26-3, 26-4 of the EVT 18 and the junction points 126-1,
126-2,126-3, 126-4 of the EV'T 118 1s that the subject EVTSs
are capable of providing a wide-node gear ratio spread, as
shown by the graph shown in FIG. 6 and which will be
described 1n greater detail below. As employed herein, the
concept of “node width” represents the distance traveled by
the vehicle per each revolution of the engine 12, and the term
“wide-node” 1s indicative of the distance traveled by a vehicle
employing the EVT 18 or EVT 118 as compared to a vehicle
employing a typical single-mode EVT.

FIG. 6 shows a graph 64 of electrical power path magnitude
as a fraction of engine torque used to drive the vehicle versus
the vehicle distance traveled per engine revolution 1n meters
traced by a curve 70. The electrical power path magnitude 1s
shown on the Y-axis of the graph 64 and 1s represented by
numeral 65, while the vehicle distance traveled per engine
revolution 1s shown on the X-axis of the graph and 1s repre-
sented by numeral 67. Additionally, the graph 64 compares
node widths of exemplary embodiments of the EVT 18 and
EVT 118 which are represented by a distance 66 between
mechanical points or nodes 1dentified by letters A and B and
a distance 68 between points identified by letters D and E
plotted on the curve 70. In a specific example, the distance 66
traveled by the vehicle per each revolution of the engine 12
with the EVT 18 and EVT 118, when electric power path
(from the first and second motor/generators 14, 16) 1s zero,
exceeds approximately 0.8 meters. As shown, for the same
configuration, the distance 68 traveled by the vehicle per each
revolution of the engine 12 when electric power from the first
and second motor/generators 14, 16 1s approximately equal to
a Iraction of engine power 1dentified by letter C and exceeds
1.2 meters. By comparison, in a typical single-mode com-
pound-split EVT the distance 66 i1s generally around 0.5
meters, while also having the distance 68 of under of 1.2
meters. Accordingly, the greater distance 66 for the EVT 18
and EVT 118 than for a typical representative single-mode
compound-split EVT 1dentifies the EVT 18 and EVT 118 as
having a wider-node gear ratio spread.

As a result, the EVT 18 and EVT 118 are capable of
providing at least a 3 to 1 gear ratio spread between the
torque-transmlttmg device 56 (1.¢., the input member 46) and
the ring gear member 34 (1.¢., the output member 52). Fur-
thermore, the highest numerlcal gear ratio of the EVT 18 and
EVT 118 having such an arrangement of the first, second,
third, and fourth junction points 26-1, 26-2, 26-3, 26-4 may
have approximately 4 to 1 as its highest numerical gear ratio
and approximately 0.7 to 1 as 1ts lowest numerical gear ratio.
As a result, the first motor/generator 14 may be sized differ-
ently, 1.e., be physically smaller, than the second motor/gen-
erator 16. Accordingly, the first motor/generator 14 may be
configured to generate less torque than the second motor/

generator 16. Additionally, each of the first and second motor/
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generators 14, 16 may be configured with solid cores and
employ non-rare earth magnets which are significantly more
ubiquitous and less expensive than rare earth type.

As shown 1n FIGS. 1 and 4, each of the EVT 18 and EVT
118 also includes a first hydraulic pump 58 and a second
hydraulic pump 60. The first and the second hydraulic pumps
58, 60 are configured to supply pressurized tluid to lubricate
the compound- split planetary gear arrangement 20, as well as
the engine 12 and the first and second motor/generators 14,
16. As shown, the first pump 58 1s operatively connected to
the third junction point 26-3 and the second pump 60 1s
operatively connected to the output member 52, however, the
positions of the two pumps may be interchanged. Each of the
EVT 18 and EVT 118 also includes a damper 62. The damper
62 1s operatively connected to the engine 12 and 1s configured
to absorb torsional vibrations generated by the engine before
such vibrations may be transmitted to the compound-split
planetary gear arrangement 20 via the mput member 46.

The preceding configurations of the EVT 18 and EVT 118
are cost effective single-mode compound-split electro-me-
chanical drive units that embody advantages of a two-mode
system that provides a first mode for launching a vehicle from
rest and a separate second mode for propelling the subject
vehicle at higher speeds, but eschews the two-mode system’s
mechanical and controls complexity. Accordingly, each of the
EVT 18 and EVT 118 1s a single-mode compound-split elec-
tro-mechanical drive unit that enables suificient torque to be
generated and channeled for launching and propelling the
vehicle, as well as supports an engine stop-start function.
Additionally, the EVT 18 and EVT 118 are capable of pro-
viding reduced losses 1n operating efficiency of the power-
train 10 during both drive and electric regeneration of the
vehicle’s energy storage system operating modes. Moreover,
because the EVT 18 and EV'T 118 are each an off-axis lay-
outs, 1.¢., has the engine 12 and the motor/generator 14 dis-
posed on the first rotating axis 41 while the motor/generator
16 1s disposed on the second rotating axis 42, the EV1Ts 18 and
118 are particularly suitable to front-wheel-drive vehicle
applications, where the powertrain 10 1s situated substantially
transversely with respect to longitudinal axis of the subject
vehicle.

The detailed description and the drawings or figures are
supportive and descriptive of the invention, but the scope of
the invention 1s defined solely by the claims. While some of
the best modes and other embodiments for carrying out the
claimed invention have been described 1n detail, various alter-
native designs and embodiments exist for practicing the

invention defined 1n the appended claims.

The invention claimed 1s:

1. An electro-mechanical drive unit connectable with mul-
tiple power sources for launching and propelling a vehicle,
comprising;

an output member;

a stationary member;

a gear-train;

a torque-transmitting device;

a compound planetary gear arrangement having a first
junction point, a second junction point, a third junction
point, and a fourth junction point;

the power sources including:

a first motor/generator; and

a second motor/generator;
wherein:

the second motor/generator 1s operatively connected to the
compound planetary gear arrangement at the first junc-
tion point via the gear-train;
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the output member 1s operatively connected with the com-
pound planetary gear arrangement at the second junction
point;

the first motor/generator 1s operatively connected with the

compound planetary gear arrangement at the fourth
junction point;

the torque-transmitting device 1s engageable to ground the

third junction point to the stationary member;

the compound planetary gear arrangement includes a first

planetary gear set interconnected with a second plan-
ctary gear set;

the first and second planetary gear sets each include a

respective first, second, and third member; and

two of the members of the first planetary gear set are

interconnected with two of the members of the second
planetary gear set.

2. The electro-mechanical drive unit according to claim 1,
wherein the first junction point 1s defined by the first member
of the first planetary gear set, the second junction point is
defined by the second member of the first planetary gear set
interconnected with the first member of the second planetary
gear set, the third junction point 1s defined by the third mem-
ber of the first planetary gear set interconnected with the
second member of the second planetary gear set, and the
fourth junction point i1s defined by the third member of the
second planetary gear set.

3. The electro-mechanical drive unit according to claim 1,
wherein the first junction point 1s defined by the first member
of the first planetary gear set interconnected with the first
member of the second planetary gear set, the second junction
point 1s defined by the second member of the first planetary
gear set, the third junction point 1s defined by the third mem-
ber of the first planetary gear set interconnected with the
second member of the second planetary gear set, and the
fourth junction point i1s defined by the third member of the
second planetary gear set.

4. The electro-mechanical drive unit according to claim 1,
wherein the first, second, third, and fourth junction points
provide at least a 3 to 1 gear ratio spread between the torque-
transmitting device and the output.

5. The electro-mechanical drive unit according to claim 1,
wherein the first motor/generator 1s disposed on a {irst rotat-
ing axis and the second motor/generator 1s disposed on a
second rotating axis, and wherein the first axis 1s substantially
parallel to the second axis.

6. The electro-mechanical drive unit according to claim 5,
wherein the multiple power sources additionally include an
internal combustion engine disposed on the first rotating axis
and operatively connected with the compound planetary gear
arrangement at the third junction point.

7. The electro-mechanical drive unit according to claim 1,
wherein the torque-transmitting device is selectively engaged
and disengaged via an electrically actuated device.

8. The electro-mechanical drive unit according to claim 1,
wherein the torque-transmitting device 1s one of a band brake,
a roller-ramp brake, a dog clutch, and a sprag brake.

9. The electro-mechanical drive unit according to claim 1,
wherein the second motor/generator 1s configured to generate
greater torque and 1s physically larger than the first motor/
generator, and wherein each of the first and second motor/
generators employ non-rare earth magnets.

10. The electro-mechanical drive unit according to claim 1,
turther comprising a first hydraulic pump and a second
hydraulic pump, wherein the first hydraulic pump 1s opera-
tively connected to the third junction point and the second
hydraulic pump 1s operatively connected to the output mem-
ber.
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11. A hybrid powertrain for launching and propelling a
vehicle, comprising:

an engine;

a first motor/generator;

a second motor/generator; and

a single-mode wide-ratio gear ratio spread electrically-

variable transmission having:

an output member;

a stationary member;

a gear-train;

a torque-transmitting device; and

a compound planetary gear arrangement having a first
junction point, a second junction point, a third junc-
tion point, and a fourth junction point;

wherein:

the second motor/generator 1s operatively connected to
the compound planetary gear arrangement at the first
junction point via the gear-train;

the output member 1s operatively connected to the com-
pound planetary gear arrangement at the second junc-
tion point;

the engine 1s operatively connected to the compound
planetary gear arrangement at the third junction point;

the first motor/generator 1s operatively connected to the
compound planetary gear arrangement at the fourth
junction point;

the torque-transmitting device 1s engageable to ground
the third junction point to the stationary member;

the compound planetary gear arrangement includes a first

planetary gear set interconnected with a second plan-

ctary gear set;

the first and second planetary gear sets each include a

respective first, second, and third member; and

two of the members of the first planetary gear set are

interconnected with two of the members of the second
planetary gear set.

12. The hybrid powertrain according to claim 11, wherein
the first junction point 1s defined by the first member of the
first planetary gear set, the second junction point 1s defined by
the second member of the first planetary gear set intercon-
nected with the first member of the second planetary gear set,
the third junction point 1s defined by the third member of the
first planetary gear set interconnected with the second mem-
ber of the second planetary gear set, and the fourth junction
point 1s defined by the third member of the second planetary
gear set.

13. The hybrid powertrain according to claim 11, wherein
the first junction point i1s defined by the first member of the
first planetary gear set interconnected with the first member
of the second planetary gear set, the second junction point 1s
defined by the second member of the first planetary gear set,
the third junction point 1s defined by the third member of the
first planetary gear set interconnected with the second mem-
ber of the second planetary gear set, and the fourth junction
point 1s defined by the third member of the second planetary
gear set.

14. The hybrid powertrain according to claim 11, wherein
the first, second, third, and fourth junction points provide at
leasta3 to 1 gear ratio spread between the torque-transmitting
device and the output member.

15. The hybrid powertrain according to claim 11, wherein
the first motor/generator and the engine are disposed on a first
rotating axis, the second motor/generator 1s disposed on a
second rotating axis, and the first axis 1s substantially parallel
to the second axis.
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16. The hybrid powertrain according to claim 11, wherein
the torque-transmitting device 1s selectively engaged and dis-
engaged via an electrically actuated device.

17. The hybrid powertrain according to claim 11, wherein
the torque-transmitting device 1s one of a band brake, a roller-
ramp brake, a dog clutch, and a sprag brake.

18. The hybrid powertrain according to claim 11, wherein
the first motor/generator and the second motor/generator
employ non-rare earth magnets.

19. The hybrid powertrain according to claim 11, wherein
the second motor/generator 1s configured to generate greater
torque and 1s physically larger than the first motor/generator.

20. The hybrid powertrain according to claim 11, further
comprising a first hydraulic pump and a second hydraulic
pump, wherein the first hydraulic pump 1s operatively con-
nected to the third junction point and the second hydraulic
pump 1s operatively connected to the output member.
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